We present and discuss the results of a statistical study of a set of radioimmunoassay data obtained from parallel determinations of the total estriol content of samples of serum and plasma prepared from 98 specimens of whole blood, taken from pregnant woman. Estriol concentrations in the serum exceed by an average of 7% the values found for the plasma prepared from the same whole-blood specimen. The clinical significance of this analytical finding is discussed, and we conclude with the recommendation that serum is the fluid of choice for this assay.
by an enzyme preparation, and an 'I-labeled estriol derivative is used concurrently in a sample estimation of estriol by RIA. An automatic gamma counter was used to count the radioactivity in the radioiodine-labeled samples.
Serum/Plasma Correlation Experiments
Whole-blood samples (10 mL) were taken from 98 pregnant women. Each sample was promptly divided into two 5-mL portions, one of which was placed in a plain glass test tube, the other in a tube containing lithium heparin (product no. LH1O; LabCo. Ltd., Marlowe, U.K.). The specimen in the plain glass tube was allowed sufficient time (about 30 mm) for clot retraction to occur at room temperature, and then centrifuged (3000 rpm, 10 mm); the resulting supernatant serum was transferred with a disposable glass Pasteur pipette to a 5-mL polystyrene test tube. The specimen in the lithium heparir tube was sealed and thoroughly mixed with the anticoagulant by careful manual inversion. The plasma was then obtained by similarly centrifuging this sample tube, and the supernatant plasma was transferred to a 5-mL plastic test tube. The maximum interval between collection of the whole-blood specimen and the production of serum and plasma ready for analysis was 2 h. We then mixed 50-FL aliqdots of the serum (or plasma) samples by vortex-mixing for 5s with 200 L of the hydrolyzing enzyme solution contained in the Amershain kit, and the resulting mixture was incubated for 2 hat 37#{176}C. During this interval the mouths of the plastic tubes were covered with Parafilm.
After this incubation the tubes were removed from the water bath and the contents were again vortex-mixed to ensure sample homogeneity. Duplicate 50-iL aliquots of the hydrolyzed sample (and of the hydrolyzed re-constituted serum standards supplied by Amersham)
were then pipetted into the bottom of numbered polystyrene tubes, and 200 L of '251-labeled estriol solution and 200 tL of anti-eatriol serum, contained in the kit, were subsequently added. This mixture was vortex-mixed for 1 s and allowed to stand at room temperature (20 ± 2 #{176}C) for 1 h. We added 500 fLL of a 3.16 molfL ammonium sulfate solution to each tube and thoroughly vortex-mixed. The resulting homogeneous mixtures were then centrifuged at 3000 rpm for 20 mm at room temperature and the supernatant fluid was carefully poured off and discarded. The tubes were allowed to drain for 5 mm by inverting them on filter paper. The radioactivity in the tubes was then counted in a Wallac gamma counter. We counted the standards used to plot the calibration curve of count vs concentration before and after the unknowns, to check the reprodubility of the counting procedure.
Serum/Serum
Correlation Experiments
The above-described analytical methodology was used to assay the total estriol content in duplicate 50-1zL aliquots of 42 samples of re-constituted lyophilized serum standards provided by Amershain, to provide a parallel study to the previous serum/plasma correlation study.
Results and DIscussion

Assay Statistics
Two pools of pregnancy sera (A and B) were prepared, au- Conversely, for predicting
x from y, only x is considered to be subject to random error, and the least-squares equation is -then appropriate with the roles of x andy interchanged.
. But for describing the relationship between x and y, the .'
be allowed for simultaneously, and straightforward leastsquares treatment is inappropriate. Further, the least-squares line is indeterminate, because the choice of the plasma value as x and the serum value as y is arbitrary-had they been labeled the other way round, a different line would have been obtained.
Method
2.
If the standard deviation of the experimental error is the same for both the plasma and the serum determinations, and is constant throughout all the data, then the ' correct modification to least squares is to find the line in Figure 1 that minimizes the sum of squares of the perpen-., , dicular distances from that line to each of the points. Equivalently, each value of x (and of y) is assumed to correspond to an unknown "true" value, these "true" values following an (x) from the same whole-blood samples exact linear relationship. Differences between observed values and "true" values are assumed to be accounted for by experquoted in 500-fiL quantities, and stored at -20 #{176}C. For pool imental error only. The equations for calculating the estimates A the mean total estriol concentration was 141 nmol/L; that of the underlying relationships are given in the Appendix. of Pool B was 463 nmolfL. We assayed these pooled sera a total Method 3. Inspection of Figure 1 suggests that the experiof 20 times. Between-batch statistics for this assay are: mental errors are not constant but tend to increase over the observational range. In work closely related to this. study, (Figure 1 ). Although the points in this 3 is to allow for experimental error to increase with size but diagram show a clear linear trend, the relationship between at a slower rate than that implied by a constant CV. The fact x and y is evidently not an exact one and so can only by asthat RIA procedures give results in terms of counts suggests sessed in terms of statistical methods. Four statistical methods that a Poisson distribution might be appropriate, in which case were considered.
the standard deviation of the count would be proportional to
Method
1.
The conventional approach to analysis of data the square root of the size of that count. A slight modification such as those in Figure 1 is to fit a straight line by least to the weights used in the analysis in Method 3 is then needed squares. The least-squares line for y as a function of x, for (see Appendix). example, gives the best prediction of the value of y in terms Each of the statistical models in Methods 2-4 was fitted in of x. In predicting y from x,the value of x is considered to be two different ways, depending on whether the intercept is given in advance and so only y is considered to be influenced constrained to be zero. A zero intercept-that is, a direct proby random error. portionality y = mx-makes obvious scientific sense, but the Mod.i no., and comment Table 1 gives the results of fitting the statistical models. The gradients of the two least-squares lines in Method 1 differ substantially, as do the intercept terms, which also differ in sign. The lines fitted by Methods 2-4 are fairly consistent, none of the intercept terms being significantly different from zero. Thus the line can be assumed top through the origin, there being no evidence of any systematic bias in the readings. The slopes of the lines for the three constrained models (with c = 0) are virtually the same, varying only from 1.070 to 1.074. Thus the correlation coefficient given in Table 1 corresponds to the usual product-moment formula for 1 and 2, but is correspondingly weighted in cases 3 and 4 (see Appendix).
The highest correlation, 0.977, occurs for the model in which a constant CV is assumed, which, together with the evidence of Cekan (7) already cited, suggests that Model 3 with c = 0-i.e., y = 1.07x-is the most appropriate. The final column of Table  1 (t-test) shows that the excess in the slope over unity is statistically significant-hence the conclusion that there is a systematic tendency for values for serum to exceed those for plasma by about 7%, a figure that, although statistically significant, is not large when compared with the size of experimental error. The CV implied by the fit of Model 3 in Figure  1 is 10.8%, a figure not substantially greater than one would expect from repeated assays of the same type.
To check the scientific and statistical methodology used in this study, we also obtained independent data for a series of 42 pairs of measurements in which both values (x andy) were obtained in serum. Clearly, if our methods are sound, we should obtain the line y = x, i.e., c =0 and m = 1. Table 2 gives the results calculated in exactly the same way as those in Table  1 . Confirmation that c = 0 and m = 1 is clearly evident, the intercepts all being extremely small and the differences between the values of m and 1 being well within the limits of statistical error. Further, the CV implied by Model 3 with c = 0 is 8.3%, not significantly different from the figure of 10.8% found earlier.
We conclude that this combined experimental and statistical study has confirmed the previous report (5) that values for total estriol in serum are, on average, greater than those found in the matching plasma when these are determined by RIA. We believe that these findings are a direct result of the differences between these two fluids rather than being ascribable to the RIA procedures.
We found the actual numerical magnitude of the average difference to be about 7%, nearly twice the value of 4% recently published (without evidence or comment) by the manufacturers of the RIA Total Estriol Kit (8) . The fact that differences of this magnitude exist for this analyte is not generally recognized by clinical chemists, as illustrated by a recent paper (9) in which the title reports "Maternal plasma total oestriol .," whereas the RIA measurements were performed on serum.
Our findings show that is clearly necessary for laboratories to be aware of the differences between values for total estriol in matched specimens of plasma and serum. We recommend that, for this analyte, serum should be the fluid of choice, because its preparation does not involve the use of an anticoagulants, some of which are known inhibitors of the hydrolytic enzymes commonly used in the pre.RIA procedures. Further support for this recommendation is afforded by the fact that clinicians generally interpret low values for total estriol as an indicator of possible fetal malfunction and it is therefore essential that such reported values should be real rather than arising from the possibly arbitrary choice of plasma as the fluid of analytial convenience.
